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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
The principles of the ultrasonic 20 kHz technique are shortly described and its peculiarities explained. Considering the technical 
requirements, such as an on-line amplitude and frequency feedback control and use of appropriate cooling allow obtaining data 
of high accuracy and reliability. Life-time data at constant and variable amplitudes, as well as fracture-mechanical values, such 
as (a/N) vs. K curves can be obtained, and especially endurance limit and K thresholds can be obtained in a highly time-
saving way. Some examples of performing measurements under superimposed loading conditions are shown. One is on-line 
observation of specimens during loading and simultaneous mechanical measurements plus fractography after final fracture so 
that, the correlation of these results allows quantitative information on (a/N) and K values in the VHCF regime. Another new 
technique led to a two-step model of small-crack initiation and propagation from corrosion pits. Investigations on polycrystalline 
copper likewise rendered interior fatigue-crack formation from persistent slip bands and corroborated that, arrest of small cracks 
is mainly responsible for several unexpected results in the VHCF regime.  
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1. Introduction  
Ultrasonic fatigue loading is a time-saving technique for determining fatigue, fatigue crack initiation and propagation 
properties and data especially in the very-high cycle fatigue (VHCF) regime. It has been used first by Neppiras (1959) for 
measuring S-N curves up to about 108 cycles in 1959, after Mason (1956) had applied ultrasonic loading to fracture materials by 
fatigue. Mitsche et al. (1973) demonstrated that, the ultrasonic technique is also appropriate to perform fracture mechanical 
measurements. Increased attention was paid to this technique after Naita et al. (1984) found out that high-strength steels failed at 
more than 109 cycles under special testing conditions. The main advantage of the ultrasonic technique is to obtain very high 
numbers of cycles, e.g. 1010 cycles within reasonable testing times so that, it is appropriate to perform tests in a time-saving 
manner. Thus thresholds of life-times (endurance limits) and fracture mechanical thresholds (da/dN and Kth) can be determined 
in the VHCF regime that cannot be measured with conventional testing machines. The ultrasound machines have been developed 
to a universal testing technique by applying appropriate control units (Stanzl-Tschegg (1999)) which allow high accuracy and 
reliability of amplitude and frequency measurement (Mayer (1999)) and the introduction of periodic pauses so that, constant-
amplitude (CA), variable-amplitude (VA) loading with or without superimposed constant or varying-low amplitudes can be 
performed (Stanzl-Tschegg (2014)).  
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manner. Thus thresholds of life-times (endurance limits) and fracture mechanical thresholds (da/dN and Kth) can be determined 
in the VHCF regime that cannot be measured with conventional testing machines. The ultrasound machines have been developed 
to a universal testing technique by applying appropriate control units (Stanzl-Tschegg (1999)) which allow high accuracy and 
reliability of amplitude and frequency measurement (Mayer (1999)) and the introduction of periodic pauses so that, constant-
amplitude (CA), variable-amplitude (VA) loading with or without superimposed constant or varying-low amplitudes can be 
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2. Experimental Procedure 
2.1. Benchmark Development of Ultrasound Technique  
It is essential do have a feedback control (Fig. 1(a)) in order to obtain reliable and accurate data. For this, an induction sensor 
has been developed (Stanzl-Tschegg (1999)) which is measuring the vibration amplitudes at, for example, one end of the 
ultrasound transducer or specimen. Strain or stress maxima occur in the center of the specimen which vibrates in resonance 
around the mean stress of zero which means stress ratio, R = -1 (Fig. 1(c)). If other mean loads (R > or < -1) are wished, the 
ultrasonic load train (ultrasonic transducer, amplifier and specimen) are mounted to the frame of a mechanical or hydraulic 
machine (Fig. 1(a)). Some more details of the electronic parts and the control unit are shown in Fig. 1(b) and explained in 
(Stanzl-Tschegg (1999), Mayer (1999), Stanzl-Tschegg (2014)).  
 
 
 
Fig. 1. Ultrasonic fatigue testing equipment. (a) Ultrasonic train attached to universal machine frame (Mode I, II, or III superimposed loading). (b) Schematic of 
electronic parts of measurement, control and display units (c). Distribution of longitudinal vibration u and strain/stress / along an hourglass-shaped 
specimen. 1 ultrasonic converter, 2 amplifying horn, 3 vibration gauge, 4 fatigue specimen.  
The ultrasonic equipment is very flexible so that, experiments can be performed at different temperatures and in environments 
by attaching climate chambers, furnaces, vacuum chambers or environmental chambers containing specified corrosive or non-
corrosive liquids or gases. 
The presently used fatigue testing equipment has obtained a high technical standard (Mayer (1999)) and consequently is used 
for industrial applications, such as life-time and fatigue crack growth measurements on material used for machines and machine-
parts of cars, trains, aircrafts, rockets, off-shore structures etc.  
2.2. Material 
In this paper, two material groups are treated:  
The first one was AISI 403/410 12% Cr martensitic steel with the chemical composition (wt.%): 0.13-0.14 C, 11.79-11.8 Cr, 
0.41-0.49 Mn, 0.18-0.26 Si, 0.28-0.33 Ni, 0.13-0.18 Mo, 0.16 Cu. The material was hardened at 913 °C and tempered, and a 
mean grain size of 6 µm resulted. The specimens used for S-N tests were dumbbell-shaped rods, and for the FCGR measurements 
cylindrical tubes with a wall thickness of 2 mm were used. After machining, the specimens were ground and polished with 
abrasive paper (up to grade #4000) and stress-relief annealed in high vacuum at 10−6 Pa (heating from room temperature to 
600 °C in 1 h, holding for 2 h, cooling from 600 °C to 400 °C in 2 h and to room temperature in approx. 12 h) to eliminate 
residual stresses. The tensile strength was 767 MPa, the yield stress 596 MPa, the elongation 23% and the area reduction 68%.  
Second testing material was copper of two different purities. One was commercial cold drawn electrolytic copper (99.98% 
purity, DIN 1787/17672/1756, similar to C11000 with 0.04% oxygen), of cylindrical shape with a constant diameter of 8 mm and 
a length of 80 mm. These rods were polished in longitudinal direction with wet SiC-paper up to grade #4000 and polished first 
with diamond paste and then electrolytically. Subsequently, they were heat treated at 750 °C for 75 minutes in a vacuum furnace. 
The resulting grain size was approx. 60 ± 10 m. Second copper material was high-purity polycrystalline 99.999% copper. The 
chemical composition in ppm per weight is: 50 Mg, 4 Ca, 4 Cr, 3 Fe, 3 Ni, 2 Si, 2 Ag. Cylindrical rods of 7 mm diameter were 
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cut to a resonance length of 80 mm and machined such that two parallel flat areas of 5 mm width resulted after grinding. The two 
flat planes were then polished in longitudinal direction in the same way as the electrolytic copper specimens. Subsequent 
annealing was carried out in a vacuum furnace with the following heat treatment parameters: 650 °C/1 hour, furnace cooling 
(4 h) in order to obtain the same grain sizes as for the electrolytic material. The resulting grain size was indeed 60 ± 10 m. 
2.3. Measuring and Evaluation Procedure 
Several strategies of evaluation processes have been developed (Fig. 2), and one of these aims to correlate fatigue crack 
growth rates (FCGR) at specified K values at the specimen surfaces with those in the interior. The surface-crack lengths are 
recorded on-line with an optical system consisting of a CCD camera and magnification lenses so that, the surfaces are shown on 
a screen 200 times scaled up (Stanzl-Tschegg and Schönbauer (2010)). The experiment is started by initiating a fatigue crack at a 
K value leading to a FCGR between 10-8 and 10-9 m/cycle. After a crack advance of ca. 100 µm, the stress amplitude is 
decreased in steps of 7-8% and the crack lengths are recorded continuously until no growth within at least 1 × 108 cycles is 
observed. Then the stress is raised, lowered again etc. so that, the (a/N vs. K) curve is run through several times. After final 
fracturing of the specimen, the fracture surfaces are observed in an SEM, and for each fracture surface site the structural features 
can be correlated with the before measured (a/N vs. K) values. This procedure is especially helpful for detecting and 
deciding if a small crack had formed and whether an already formed fatigue crack has grown very slowly or was arrested. For 
this, play-back features of the CCD records are used. 
 
 
 
Fig. 2 Measuring procedure for correlation of (a/N vs. K curves) with fractographic features (Schönbauer and Stanzl-Tschegg (2013)). (a) In-situ optical 
surface crack observation with CCD camera and overlaid number of cycles. (b) (a/N vs. K) curve. (c) Both fracture surfaces after final fracture and 
correlation with data of (b).  
3. Results 
3.1. “Old“ Results and Their Interpretation 
The described experimental procedure of online-recording and subsequent play-back of crack lengths on the specimen 
surfaces allows obtaining FCGRs below the theoretical rate of some 10-10 m/cycle (one lattice spacing) as well as interpretations 
of the questionable existence of fatigue limits. These issues were treated in (Stanzl and Tschegg (1981)) already, and FCG 
thresholds of, for example 4 × 10-14 m/cycle defined as the sum of crack propagation and arrest periods. Moreover, this result was 
interpreted as ledge-like crack advance across the whole fracture surface so that, crack arrests at single envisaged specimen 
surfaces resulted. Different modeling approaches considered fracture mechanical principles as well as microstructural features 
(Tschegg and Stanzl (1981)). 
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3.2. Recent Studies: S-N Curves and Fatigue Limit, (a/N vs. K) Curves and Thresholds, Surface vs. Interior Cracks 
It could be shown (Ogawa et al. (2014)) that internal fatigue crack initiation and the formation of fish-eyes does not only 
occur in high-strength steels but also in Ti, Al, Mg and even Cu. Some of optically dark areas (ODAs) within fish-eyes are 
shown in Fig. 3. 
 
 
Fig. 3 Interior crack initiation from inclusions in different materials. (a) AISI 420 Cr-steel, (b) AISI 316L-PM/HP steel, (c) spray-formed hypereutectic Al-Si 
alloy (Ogawa et al. (2014)). 
In addition, a/N rates were correlated with the corresponding fracture surface features (Fig. 4a, b) of long cracks in AISI 
403-steel. These features subsequently were compared with those of the interior fish-eyes (Fig. 4b). This procedure allowed 
determining the a/N values within the different ODA and fish-eye regimes. Thus, for the ODA (or fine grain area, FGA) area, 
a/N ~ 10-12 m/cycle, for the smooth area outside of the ODA area a/N ≤ 10-11 m/cycle and for the outer Paris-regime 
a/N ≥ 10-9 m/cycle resulted (Fig. 4c). Ogawa et al. (2014) and Sander et al. (2014) in addition succeeded obtaining K values 
for the different areas within fish-eyes by performing, for example, repeated two-step tests.  
 
 
Fig.4 Correlation of fracture morphology of a long crack having propagated in vacuum (a) and its fatigue crack propagation rates (c) and comparison with that of 
interior fish-eye crack areas (b) in AISI 403 steel. From this, the crack growth rates in the different FGA (=ODA) areas is derived (Schönbauer and Stanzl-
Tschegg (2013)) (c). 
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Schönbauer et al. (2015) developed a two-step crack growth model for determining K values of fatigue cracks emanating 
from corrosion pits in AISI 403 steel. Small crack growth was divided into two steps with initial crack growth up to a length in 
the scale of the pit size and further crack growth up to about 1 mm. (Fig. 5). In many experiments, two small cracks grew 
independently with no contact during the first step. K during this first step is calculated by introducing an empirically 
determined factor Y´ = 0.4 instead of 0.65 and the pit depth a in the equation (1) (c´ is defined in Fig. 5(b)):  
�� � ���� � �� � √� � �� (1) 
The first step of small crack growth was found to end when the ratio of half surface crack length and pit depth becomes 
c´/a = 1.20. In the second step, it is assumed – based on the experimental observations – that, the crack tip has already left the 
strain field of the pit behind. Small crack growth is described according to Raju’s and Newman’s equation for a single semi-
elliptical surface crack (Raju and Newman (1979)). These new findings opened another way for modeling life-time predictions 
not only at CA, but especially for VA and multi-step-loading. 
 
 
 
Fig.5 (a) Fracture surface of a pre-pitted AISI 403 steel specimen showing distinct markings of small crack growth (air, 90 °C, Δ = 380 MPa, Nf = 4.30 × 105, 
R = 0.5). (b) Schematic of two-step crack growth model (Schönbauer et al. (2015) 
Use of experimental results with improved testing techniques such as better electronic devices (enabling higher accuracy of 
strain/stress data) and imaging equipment (field-emission scanning electron microscope = FE-SEM etc.) together with newly 
developed modeling possibilities (including e.g. statistical treatment of high numbers of data) allow to decide whether arrest of 
short interior cracks or crack initiation processes are responsible for longer than predicted life times. As mentioned above, the 
defects (size of voids or inclusions) play an important role. Their correlation with fatigue limits and long-crack thresholds in 
Kitagawa diagrams (Ogawa et al. (2014), Schönbauer et al. (2015)) has become an important issue of research. 
 
Another example for this methodology of combined testing was applied to high-purity (99.999%) single-phase ductile copper 
poly-crystals. Several interesting results which were obtained mainly by using the ultrasonic fatigue technique are reported in the 
following. 
i) The formation of propagating cracks needs about 50% higher stress and plastic strain amplitudes ( pl/2) than 
the formation of “conventional” persistent slip bands (PSBs) (Stanzl-Tschegg et al. (2007)) (Fig. 6a). 
(“Conventional” means that PSBs which are observed after their electrolytic removal from the specimen surface 
appear again within ca. 106 cycles)  
ii) PSBs are formed at much lower and pl/2 values than reported in earlier literature, and these values depend on 
the exerted number of cycles (Stanzl-Tschegg et al. (2007)). 
iii) Dislocation structures obtained below the “conventional” PSB threshold reflect PSB-like structures (Weidner (2008) 
and Stanzl-Tschegg and Schönbauer (2010)). An example is shown in Fig. 6(d). 
iv) Applying Kitagawa diagrams revealed that a “short” crack should be more than 340 m long in order to propagate. 
With optical and SEM microscopy, however, short crack lengths of only 20 – 50 m were found (Stanzl-Tschegg 
and Schönbauer (2010)) (Figs. 6b,c,e,f).  
v) Not only surface but also interior crack initiation was detected (Figs.6b,c,e,f) (Tschegg and Schönbauer (2014)). 
vi) Experimental studies on suspected frequency effects demonstrated that an intrinsic influence cannot be observed in 
the VHCF regime (if appropriate cooling is supplied) (Eichinger (2008)). Different material properties of nominally 
identical material, however, cause different endurance limits and associated plastic strain amplitudes (Perlega 
(2015)).  
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Fig. 6 Formation and propagation of surface and interior cracks as well as of PSBs. (a) S-N curve and PSB development (Stanzl-Tschegg et al. (2007)). (b) Small 
non-propagating surface cracks (lower arrow) parallel to PSBs and interior crack (upper arrow) (/2 = 60 MPa, 7.8 × 108 cycles) (Stanzl-Tschegg et al. (2011)). 
(c) Magnification of the interior 10 m small crack in (b). The crack is more than 50 m beneath the specimen surface (Eichinger (2008)). (d) ECC (electron 
contrast channeling)/SEM image of cell structure in planes of maximum shear stress and ladder-like dislocation structure; /2 = 49.5 MPa, pl/2 ≈ 4.0 × 10-6 
(Weidner 2008) (e) In-lens detector FE-SEM image of small surface cracks in electrolytic 99.98% copper. Δσ/2 = 61.7 MPa; 1.59 × 1010 cycles (Weidner (2008)). 
(f) Small stage I interior micro-cracks (arrow) and surface roughness as a consequence of PSBs (Weidner et al. (2010)). 
4. Discussion 
An interpretation of fatigue crack initiation and fatigue crack propagation at low cyclic amplitudes and very high numbers of 
cycles and the associated question of the existence of distinct fatigue and fatigue crack growth limits is an ever-lasting issue. 
New experimental testing techniques, however, allow new insights into the underlying mechanisms nowadays. And, last not 
least, it is the ultrasonic technique which has enabled scientists to study the VHCF regime in a time-saving manner thus 
providing enough data to make a broader statistical evaluation possible and give more conclusive answers. 
It will be discussed in the following that many results of the VHCF behavior and frequently associated formation of internal 
fatigue cracks can be explained by the arrest of small cracks. This finding implicates consequences on demanding high standards 
of material preparation for practical industrial purposes nowadays.  
The non-existence of fatigue limits in the traditional accepted ranges of 106 to 107 cycles in special steels was initially found 
together with internal cracks in form of so-called fish-eyes under defined testing conditions (Naita et al. (1984)), but this was 
soon recognized for other materials too (Stanzl-Tschegg and Schönbauer (2010)). Correlation of mechanical results and careful 
fractographic studies point to competing processes as being responsible for crack initiation at specimen surfaces or, respectively, 
at interior microstructural inhomogeneities (Tschegg and Schönbauer (2014)). Comparing the different fractographic features of 
the different fish-eye areas with those of long cracks grown at specified velocities in vacuum allowed determining the growth of 
individual internal fish-eye areas (Stanzl-Tschegg and Schönbauer (2010)) (Fig. 4). In addition, the related K values could be 
determined, and Ogawa et al. (2014) and Sander et al. (2014) used multi-step tests successfully and correlated the microscopic 
features of fish-eyes with the prevailing mechanical properties. These new quantitative growth studies on fish-eyes show – 
among other things - unambiguously that it is wrong to consider fish-eyes as solely crack initiation areas and to ignore crack 
growth rates below several 10-10 m/cycle. Sander et al. (2014) performed elastic-plastic finite-element simulations to study the 
influence of different stress ratios on sequence effects and developed analytical and damage concepts for life-time predictions 
under variable amplitude loading of high-strength steels containing artificial surface defects. 
Schönbauer et al. (2015) examined the pit-to-crack transition and small crack growth in AISI 403/410SS 12% Cr steel by 
repeated FE-SEM observation (introducing numerous interruptions of load) and observed that the cracks initiated at the pit 
mouths (Fig. 5(a)). These initial cracks became visible by heat-tinting after raising the load temperature to 90 °C. In-situ 
observation showed that, several small cracks appeared from which some stopped to grow after a few micrometers and partly 
 Stefanie E. Stanzl Tschegg / Procedia Structural Integrity 2 (2016) 003–010 9
 Author name / Structural Integrity Procedia 00 (2016) 000–000  7 
formed branches or changed their growth direction. For the growth of the finally non-arrested cracks, a fluctuation in the growth 
rates was observed until a length of 2c´ ~ 100 m was reached.  
In order to quantify the influence of corrosion pits on fatigue life, linear elastic fracture mechanics (LEFM) (similar as by 
several researchers before) was applied. A two-step growth model for small cracks emanating from pits was introduced with 
initial crack growth up to a certain length in the order of the pit size and further growth up to about 1 mm. In Fig. 5(b), the two 
initial small cracks are shown schematically, and it is assumed that the cracks grew within the strain field of the pit where the 
driving force locally decreased with increasing crack length. Since correction of the elastic stress concentration factor for a notch 
was not successful, an empirically determined factor Y´ = 0.42 in equation 1 was developed. The results were introduced into a 
Kitagawa-Takahashi diagram (Kitagawa and Takahashi (1976)) and the prediction line adapted according to El Haddad et al. 
(1979). In the second crack-growth step, it was assumed that, the crack tip had already left the strain field of the pit behind. For 
this, small crack growth is described according to the equation of Raju and Newman (1979) for a single semi-elliptical surface 
crack. These results for small-crack propagation in two steps were applied to (da/dN vs. K) curves and compared with long 
crack growth data. An increased crack growth rate compared to long cracks was found for the small cracks emanating from pits 
with a local decrease at  near the long-crack Kth. Though the approach for the first-step small-crack quantification does not 
provide any description of mechanisms related to mechanically and microstructurally small flaws, it is helpful for practical 
purposes such as life-time predictions.  
The results on copper polycrystals are another example showing the important role of non-propagating interior and surface 
cracks on fatigue lives at very high numbers of cycles. One of the first surprising results, namely the formation of propagating 
cracks needing about 50% higher stress and plastic strain amplitudes pl/2) than the formation of “conventional” 
persistent slip bands (PSBs) is closely associated with the possibilities of ultrasonic fatigue testing that allowed measurements 
beyond 106 cycles up to 1.45 × 1011 cycles (Fig. 6(a)). The same holds true for the formation of PSBs at much lower and 
pl/2 values than reported in earlier literature, and a pronounced dependence of these values on the exerted number of cycles 
(Stanzl-Tschegg et al. (2007)). The interpretation of these results is based on the accumulation of cyclic strain localization in 
lamellar persistent bands, surface roughness development and stage I shear cracks at places of stress concentrations (Weidner et 
al. (2010)). Fig. 6(e) which was obtained as SEM image with an in-lens SE detector and Fig. 6(f) which was using ion milling in 
a focused ion beam (FIB) instrument and subsequent protective coating of the surfaces with a Platinum layer make these features 
visible (Weidner et al. (2010)). The cyclic loading amplitude was 5 MPa below the conventional PSB threshold of 56 MPa at low 
testing frequency. Introducing the mean width � ~ 150 nm of the roughness over a distance h = 2 m yields a plastic shear strain 
amplitude pl of 1.37 × 10-5 at the threshold. Thus, in the equation for the irreversible shear strain pl,irr = p.pl, a value of 
~ 0.000034 results where p is the cyclic-slip irreversibility. Multiplying pl,irr with 4 times the exerted number of cycles 
(N = 1.47 × 1011) the equation 2 (Weidner et al. (2010)) leads to the cumulative shear strain: 
����������� � �� � � � ���~360  (2) 
If the actually measured threshold value for PSB formation of 47 MPa is put into the equation instead of 63 MPa (re- 
appearance of PSBs at 20 kHz after etching within ca. 106 cycles) pl, irr, cum becomes ~ 270. Even this value is large and has 
obviously led to remarkable microstructural changes but not to final fracture. One reason for this might be that equation (2) does 
not consider microstructural changes such as, for example, cyclic hardening of old persistent slip bands by secondary 
dislocations (Witmer et al. (1987)) or softening after initial hardening (Polák et al. 1992). Another decisive reason for non-failure 
probably is the fact that in the VHCF regime, slip occurs only in extremely few sites at the specimen surface as has been pointed 
out by Lukáš and Kunz (2001) and Sauzay and Gilormini (2000). A third reason for the need of higher stress/strain values for 
failure than for PSB formation is that of non-propagating small cracks. Numerous observations (Figs. 6b,c,e,f) of surface as well 
as interior cracks verify this interpretation. Applying the Kitagawa-Takahashi diagram together with an El Haddad et al. (1979) 
approach lead to a similar result. Small non-propagating cracks (named “primary” cracks) were likewise reported for 99.99% 
polycrystalline copper which formed below the fatigue limit by Polák and Vašek (1994). However, the above mentioned three 
reasons are only the most evident ones, and even more influences on damage and fracture behaviour have to be considered. 
Among these, the ratio of specimen surface to volume or the severity of notch effects by corrosion pits or other inhomogeneities, 
even in the specimen interior, loading frequency and sequence effect under variable amplitude loading, as well as environment 
and temperature will play a role. 
Interior crack initiation is a phenomenon that has not been observed in copper earlier (Stanzl-Tschegg and Schönbauer 
(2014)) and was therefore called into question initially. It was suspected that impurities having been introduced during the 
production process of electrolytic copper (e.g. oxides) could have been crack initiation sites. Careful experiments, however, with 
high-purity 99.999% copper verified that the internal microstructural fatigue-load induced changes such as voids or dislocation 
pile-ups at grain boundaries favored interior small crack formation in competition with surface cracks (Stanzl-Tschegg and 
Schönbauer (2014)).  
 
Summarizing the results, all described observations verify the assumption that, much higher cyclic stress/strain values for 
fracturing than for crack initiation are partly caused by the arrest of small surface and/or interior cracks. 
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Conclusions 
Most experimental results reported in this study could be obtained by using the time-saving ultrasonic-fatigue testing 
technique which allows obtaining data at such high numbers (ca. 109 to 1011) of cycles that cannot be reached with conventional 
fatigue testing machines and not only makes VHCF possible but also a better founded statistical validation. Thus, a detailed 
differentiation of fatigue crack initiation and propagation becomes possible. Main aim of this paper was to show the important 
role of small non-propagating cracks and the consequences on the fatigue life of two material groups (high-strength material, 
mainly steels) and a single-phase homogenous ductile material (copper polycrystals). For both groups, surface as well as interior 
crack initiation could be identified as competing processes. New techniques, especially imaging techniques allowing much 
higher spatial resolution make a more detailed study of responsible fatigue mechanisms possible nowadays. This opens new 
perspectives for modeling of these processes and thus performing life-time estimations for constant and variable amplitude 
loading at manifold accompanying conditions. One of the probably most important features is the possibility of differentiating 
the growth and arrest properties of already formed small surface and interior small cracks in the VHCF regime. This has been 
successfully applied to an analysis of different materials in the VHCF regime so that more realistic life time predictions than 
before became possible which allow, for example, to avoid over-dimensioning machine parts or allow performing more severe 
load sequences. The results of this study thus in addition demonstrate that experimental studies are indispensable for industrial 
purposes, whereby the ultrasonic fatigue technique is most useful.  
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